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Abstract: A three-dimensional finite element model (3D FEM) of wheel/high rail rolling contact on 
curved track has been introduced in this article. The elastic-plastic model from FEM code ANSYS/LS-
DYNA included a whole wheel, 680 mm of the high rail and some sub-components of the track 
(railpads, sleepers, and ballast). Furthermore, the rail was canted as in practical situation and the 
influences of angle of attack (AOA) were also investigated in detail. The obtained results have 
demonstrated that two-point contact pattern can potentially appear as the train enters a curved track. 
The stress states on two contact zones showed that the maximum stress at the rail gauge was higher 
than that at the rail head. Besides, the higher AOA could lead to a higher stress magnitude, especially 
at the rail gauge where damages appear frequently. This study can provide useful information for a 
future research on surface damage mechanism of the rail of a curved track. 
 
Keywords: contact stress, two-point contact, conformal and non-conformal contact, finite element. 
 
1. Introduction 
For wheel/rail contact, the appearance of conformal or non-conformal contact depends on the track 
properties, such as curvature of the track and worn status of the wheel/rail profiles, etc [1]. On the 
straight track or on the large radius curved track, the non-conformal contact mostly appears on the rail 
head. Whereas, the conformal contact between the wheel flange and rail gauge may occur once the 
wheel rolls on the curved track, especially on the high rail. The possible contact situations between 
the wheel and the rail in curved track are illustrated in Fig. 1: 
• Low rail: wheel tread-rail head contact 
• High rail: wheel flange-rail gauge contact 
 
Fig. 1. Possible contact state between the wheel and the low/high rails on a curved track 
 
On the curved track, rail is usually canted and track cant (or superelevation) is also applied by 
lowering the inside rail and raising the outside rail by an equal amount. Since a significant 
discrepancy of the height is created between the inner and outer canted rails (or low and high rails, 
respectively), the contact position and stresses on these two rails are also different. Many research on 
rolling contact stresses on straight track [2-5] have been carried out. Some investigations showed the 
appearance of multiple-point contact as the wheel flange approaches the rail gauge [6-8]. These 
results, however, were still obtained from straight track simulation and the effects of attack angle were 
not included. A static finite element model of curved track was proposed by W Daves et al. [9]. This 
simulation, nevertheless, was performed on a very short track (70 mm) and the small angle of attack 
could not investigate the effect of curved track thoroughly. A simulation of curved track by Aleksander 
Sladkowski [10] included the effect of AOA , but the rail cant angle was not considered in the 
modelling.  
Contact stress is important in the understanding and prediction of the damage behaviour of the 
contact bodies [11]. However published research on the stresses on the rail head on the curved track 
is very limited. As illustrated in Fig. 1, a non-conformal wheel tread-rail head contact usually appears 
on the low rail. This type of contact is similar to the contact on straight track. However, the conformal 
wheel flange-rail gauge contact normally occurs on high rail. Such contact location cannot be solved 
by the classical theories such as Hertz Theory [12] or Kalker’s theories [13-15] because of the 
invalidity of half space assumption and elastic assumption of the rail material [16]. Therefore a 3D 
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elastic-plastic finite element model of rolling contact between the wheel and high rail in a curved track 
has been introduced in this paper. Stress states at the contact patches were analysed in detail, in 
which angle of attack and rail cant angle were all taken into account. This research will supply a 
method and useful datum for future probe on the mechanics of surface damage on curved track.  
 
2. Finite element model 
In this work, the finite element models were constructed by ANSYS/LS-DYNA explicit code [17]. The 
schematic diagram of the finite element model was shown in Fig. 2. In order to simulate the effects of 
the curved track, the rail cant angle and angle of attack denoted by  and , respectively were 
applied. The rail was canted 1:20 according to Australian standard [18]. Two cases of AOA were 
examined in this study: 
• Case 1: AOA = 1/3
o
  





Fig. 2. Schematic diagram of curved track model on (a) xOz plane, (b) yOz plane, and (c) xOy plane 
 
The Australian standard profiles of both wheel and rail (ANZR1 wheel [19] and 60 kg/m rail [20]) were 
used in the current models. The models were mainly built up with the following elements: solid 
elements (SOLID164) for wheel/rail, mass element (MASS166) for sleepers, and spring-damping 
element (COMBI165) for rail pad and ballast. A non-uniform mesh was created, in which very fine 
mesh (1.3 x 1.3 mm) at the contact surfaces and coarse mesh further away from the contact surface, 
respectively. It was confirmed in [3] that for engineering applications, the mesh 1.3 x 1.3 mm is fine 
enough for wheel/rail contact problem. Different mesh regions in the FEM model are illustrated in Fig. 
3.  
 
                       
Fig. 3. 3D mesh of FEM model 
 
The wheelset was modelled as rigid body, and glued with the wheel. Contact between the wheel and 
the rail was defined by the automatic contact algorithm and a constant friction coefficient of 0.4 was 
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applied. The rolling speed was set at 23 rad/s, and initial velocity was also applied to ensure that a 
stable state could be achieved faster. A summary of loading conditions is outlined in Table 1 below.  
 
Table 1 Input parameters in FEM models 
 
Parameters Value Unit 
Normal force 116  kN 
Lateral force 21 kN 




Angle of Attack (AOA) 1/3 & 2/3
 
degree 
COF 0.4  
 
3. Results and discussions 
Using the finite element models described in section 2, the process of new wheel/high rail rolling 
contact in curved track was simulated. FEM models were run on HPC Cluster to minimize the 
calculation time. The results for two cases of AOA will be presented in this section. 
Contact zone and contact pressure 
The results showed that two-point contact appeared when the new wheel travelled on the new rail. 
One of the contact patches was placed at the rail head as usual, while the second one was located at 
the rail gauge. Under the load conditions described above, the normal contact load on two separate 
contact points can be found in Table 2. The total normal contact loads from simulation at two contact 
points were almost equal to applied axle load (116 kN). However, the normal load distributions at two 





, the normal load at the rail head decreases by a small amount of 3.3 kN while 
an increasing of 3.9 kN was found at the rail gauge. This change of load distribution may cause a 
variation of the stress state on rail surface.   
 
Table 2 Normal contact load at two contact points (kN) 
 
 Normal load at 
wheel tread-rail 
head contact 





Case 1: AOA = 1/3
o 
76.6  38.5  115.1  
Case 2: AOA = 2/3
o 
73.3  42.4  115.7  
Difference between case 1 & case 2 -3.3  +3.9   
 
The positions of contact zones on the rail surface for different angle of attack are illustrated in Fig. 4. It 
should be noted that the distance along the rolling direction between two centres of contact zone in 
case 1 is about 7.7 mm, while such distance in case 2 is found wider than case 1 (12.9 mm). The 




 has led to a small increase of such distance on the rail surface.  
 
   
      
Fig. 4. Contour distributions of contact pressure on the rail (a) AOA = 1/3
o
 (b) AOA = 2/3
o 
 
A detailed comparison between contact patches are shown in Table 3. On the whole, there was no 
significant change in the dimensions of the contact zones between two cases of AOA (1/3o and 2/3o). 
However, the contact dimensions at the rail gauge were quite different to that at the rail head. In 
comparison to the dimensions of contact patch at rail head, the longitudinal axis a on the rail gauge is 
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nearly double that of the rail head, but the lateral axis b has been reduced by half for both two cases 
of AOA. This was due to the change of curvatures’ radius at the contact spots.  
 
Table 3 Comparison between rail head and rail gauge contact patches 
 
 
Dimension of contact patch (mm) Maximum Pressure 
(MPa) a b a/b 
AOA = 1/3
o 
Rail head 8.75 5.58 1.57 920 
Rail gauge 14.6 2.85 5.12 1028 
Different +5.85 -2.73  +108 
AOA = 2/3
o 
Rail head 8.75 5.75 1.52 902 
Rail gauge 14.9 2.83 5.26 1101 
Different +6.15 -2.92  +199 
 
The 3D graphs of pressure distribution in Fig. 5 present a comparison of pressure at the rail gauge 
and rail head for various attack angles. It can clearly be seen that the peak of pressure at the rail 
gauge was higher than that at the rail head, which means the pressure exerted on the rail gauge was 
higher. For instance, maximum pressure at the rail gauge was 1028 MPa, while it was about 920 MPa 
at the rail head in case AOA = 1/3
o
. With AOA = 2/3
o
, the maximum pressures at rail gauge and rail 
head were 1102 MPa and 902 MPa, respectively. As the AOA was slightly increased, the peak of 
contact pressure at rail gauge was also lowered.   
 
 





(b) Case 2: AOA = 2/3
o
 
Fig. 5. 3D distribution of contact pressure at the rail gauge and the rail head for two cases of AOA 
Contact stresses 
The Von-Mises stress distribution at two contact points on rail were plotted in Fig. 6 and Fig.7 below. 







rail gauge in both two cases of AOA. Moreover the maximum value of such stress in case 1 (AOA = 
1/3
o
) is 885 MPa, while it is higher in case 2 (973 MPa). In addition to increasing of normal load at the 
rail gauge, the higher angle of attack also resulted in an increase of stress at the rail gauge.   
 
   
 
(a) AOA = 1/3
o




Fig. 6 Von-Mises stress distribution on rail surface 
 
Fig. 7 shows the Von-Mises stress distribution on the cross sections of the wheel and the high rail. 
High stress is found not only on the rail gauge but also on the wheel flange. In comparison the stress 
at the rail head, the stress generated between the wheel flange and rail gauge was significant larger. 
The higher is the Von-Mises stress, the shorter the time damage can occur. It can be speculated that 
on curved track, especially as the wheel travels on the high rail, damage is likely to occur at the wheel 
flange/rail gauge rather than at the wheel tread/rail head.  
 
   
 
(a) AOA = 1/3
o




Fig. 7. Von-Mises stress distribution on cross section of wheel/rail 
 
4. Conclusions 
A 3D dynamic FEM model has been developed to analyse the rolling contact stress states of the high 
rail surface in a curved track. The conclusions for current study are as follows: 
1) On a curved track, two-point contact case may occur if a wheel travels on a high rail. The first 
contact is located at the wheel tread/rail head, and the second one is placed at the wheel 
flange/rail gauge. 
2) As the angle of attack increases, the normal load distribution on two contact patches can be 
changed. In particular such load is reduced at the rail head, whereas it is increased at rail 
gauge.  
3) The magnitude of Von-Mises stress at rail gauge is larger than this at the rail head, and it is 
increased with the increasing of angle of attack. Therefore it can be predicted that the 
damage is likely to occur at the rail gauge rather than rail head in curved track. 
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